The extent of self-compatibility and reliance on pollinators for seed set are critical determinants of reproductive success in invasive plant species. Seed herbivores are commonly used as biocontrol agents but may also act as flower visitors, potentially resulting in pollination. However, such contrasting or potentially counterproductive interaction effects are rarely considered or evaluated for biological control programs.
| INTRODUCTION
It is estimated that more than 85% of the world's flora requires or benefits from pollen delivery by pollinators (Ollerton, Winfree, & Tarrant, 2011) . Many weeds are in this category (e.g., Scotch Broom, Cytisus scoparius, Parker, 1997; Simpson, Gross, & Silberbauer, 2005) . The increases in plant movement around the world, often facilitated by humans, provide an opportunity to study the reproductive requirements of pioneer species and their interactions with native and naturalized biota in de novae populations. Some of these plant species will become invasive, and in many cases, alien pollinators facilitate population expansion (e.g., Phyla canescens, Gross, Gorrell, Macdonald, & Fatemi, 2010) . The opportunity to harness the knowledge of pollination requirements into post-invasion management strategies has so far been ignored and is at risk of further neglect with the global decline in some domesticated pollinators (e.g., Apis mellifera) affording them special status, even though they cause damage in some locations (Paini, 2004; Shavit, Dafni, & Ne'eman, 2009 ). We also contend that the potential impacts of pollination services involving biocontrol agents have been overlooked, adding to a large gap in our understanding of the consequences that range-shifting insects, including pollinators, have in novel ecosystems.
Zoophilous invasive flora often have flowers adapted for generalist pollination and are therefore attractive to a wide range of pollinators which may, in turn, visit the flowers of numerous other species (Morales & Traveset, 2009 ). Consequently, invasive floras are often assimilated into native pollination networks, potentially becoming important or embedded species once established within an ecosystem (Memmott & Waser, 2002) . This assimilation of exotic flora can exert both positive and negative effects on native plant pollination because competition for pollinators may reduce native floral fecundity through pollinator limitation and heterospecific pollen transfer (Chittka & Schürkens, 2001; Fang & Huang, 2013; Ghazoul, 2004; Traveset & Richardson, 2006; Waser, 1978) . However, facilitation may also occur where exotics attract or sustain diverse or abundant pollinator assemblages (Bartomeus, Vilà, & Santamaría, 2008; Chung, Burkle, & Knight, 2014) .
Chrysanthemoides monilifera ssp. rotundata (DC.) Norl., or Bitou Bush, is one of 32 species recognized as a Weed of National Significance in Australia (Thorp & Lynch, 2000) . Native to the east coast of South Africa, the exact date that Bitou Bush colonized eastern Australia is not known, but it may have been cultivated in Sydney by 1852 (Gray, 1976) . The first herbarium record associated with its spread in NSW is from 1908 (Mayor of Stockton, s.n. 1908, NSW133399, NSW) , and it was gazetted as a noxious plant by 1909 (in the Stockton area, central coast, NSW, Lee, 1909) . It was later promoted as a useful species for the restoration of sand dunes in that region (Mort & Hewitt, 1953; Sless, 1958; Weiss, Adair, Edwards, Winkler, & Downey, 2008) . In 2001, it was estimated that 80% of the NSW coastline was invaded by Bitou Bush (Thomas & Leys, 2002) .
A Threat Abatement Plan for Bitou Bush was released in 2006 (DEC, 2006 ) which identified over 150 native plant species threatened by Bitou Bush and Bone seed (Chrysanthemoides monilifera ssp. monilifera) in NSW. As outlined by Downey, Holtkamp, Ireson, Kwong, and Swirepik (2007) , a biocontrol program gained momentum from 1984. A series of surveys conducted in South Africa between 1987 and 1990, identified 17 phytophagous insects and two pathogens as potentially suitable biocontrol agents of C. monilifera in Australia (Downey et al., 2007 and see Scott, 1996) . Of these, six have been released, with four establishing successfully. These include the Bitou Tip Moth (Comostolopsis germana), Bitou Tortoise Beetle (Cassida sp.), Bitou Seedfly (Mesoclanis polana), and Bitou Leaf Roller Moth (Tortrix sp.; Downey et al., 2007) .
Despite numerous studies identifying the causes, consequences, and potential management strategies relating to Bitou Bush invasions, very few studies have examined specific life-history traits and their impact on the control and management of the species, or provided scientific evaluation of the control methods currently employed (Lindenmayer et al., 2015) . Important work has been conducted on post-pollination events. For example, previous investigations have found that while adventitious budding of prostrate stems allows Bitou Bush to reproduce vegetatively (Weiss et al., 2008) , the primary mode of dispersal and postdisturbance regeneration occurs via seed (Weiss, 1984) , with adult plants capable of producing 3,545 ± 600 viable seeds/m 2 annually (Weiss, 1984) . Meanwhile, a broad range of native and exotic vertebrate fauna have been recorded as fruit dispersers (Gosper, 1999; Meek, 1998) . Consequently, limiting seed production has been identified as an important means of controlling and preventing further range expansion of the species (Noble & Weiss, 1989) and thus served as justification for the introduction of the seed predator Mesoclanis polana in 1996 for biocontrol purposes (Stuart, Kriticos, & Ash, 2002 ).
Yet despite this, knowledge relating to the fertilization processes in C. monilifera ssp. rotundata, including the breeding system, pollinator dependence and efficacy, remains at present, highly anecdotal. Thus, our objectives were to determine (1) whether or not
Chrysanthemoides monilifera ssp. rotundata requires pollinators to set seed (and to what degree the capacity for fruit production varies among populations when fruit production is compared with glasshouse conditions); (2) the identity, abundance and diversity of pollinators in the field; and (3) whether or not pollinators would be available in areas outside of the current range of Bitou Bush (range extension areas). The latter is particularly important with current Bitou Bush populations on the coast being in close proximity to several vulnerable ecosystems (Laurance et al., 2011) and climatic modeling revealing that Bitou Bush could establish in new regions under scenarios of climate change (Beaumont, Gallagher, Leishman, Hughes, & Downey, 2014) . We hypothesized that Bitou Bush would have a facultative breeding system (an optional requirement for pollinators to set seed), and flowers adapted for generalist pollination.
It would therefore interact directly with a wide range of pollinators and thus indirectly with native flora within its immediate environment. Any information about the realized breeding system and impacts on native pollination networks may therefore serve to better inform management and control strategies in the future. 
| METHODS

| Study species
| Fruit set in coastal naturalized populations
We scored natural fruit set in three populations (Hungry Head Sand 
| Fruit set in a range extension, inland population
To test whether pollinators are available in a range extension area, we also scored fruit-to-flower ratios on potted plants from our Arrawarra Floral visitors were classified into groups using the terminology developed to characterize floral larceny (Inouye, 1980; Irwin, Bronstein, Manson, & Richardson, 2010) . According to the frequency of visits and behavior, we included potential pollinators (PP), nonpollinators (NP), thieves (Th), or predators (Pr). This approach is pragmatic for revealing pollinators in a system (Jacobs et al., 2010) but requires more detailed testing to rank effectiveness (Gross & Mackay, 1998 and see below).
Visitors classified as potential pollinators (PP) were those that made contact with both male (anthers) and female (stigmas) reproductive structures, with pollen on the body demonstrating the ability to transport pollen within and between flowers of separate plants. The latter is recognized as an important step in discerning pollinators from nonpollinators (Popic, Wardle, & Davila, 2013) . Nonpollinators ( Insects were collected with an entomological net and/or bottle and then euthanized with ethyl acetate. Insects were then mounted in pinning boxes or kept in 70% alcohol and identified using reference collections at the University of New England (UNE), field guides (e.g., Braby, 2004; Zborowski & Storey, 2010) , on line resources (e.g., www.
ala.org.au/, www.padil.gov.au/; www.bowerbird.org.au/) or expert knowledge. where styles were treated as above. We viewed the prepared slides of experimental and control treatments with a compound microscope (Leica DME microscope, ×40 magnification) and aimed for a full pollen count by moving the stage back and forth across each slide in nonoverlapping "transects," while simultaneously sweeping the field of view and tallying the number of pollen grains in view.
| Pollen loads
| Floral visitors in a range extension, inland population
We used camcorders (see above) on 4 days (5-6 December 2016, 22
December 2016, 7 January 2017) for a total of 23.5 hr to record floral traffic on our plants placed outside the glasshouses of UNE, Armidale.
We also opportunistically took digital images and insect samples of floral visitors to the flower-heads for identification.
| Data analyses
A one-way analysis of variance (ANOVA) was computed to compare fruit production against the number of whorls of male flowers (a surrogate for flower-head age, see above). We used ANOVA to investigate plasticity in floral characters (petal number, fruit-to-flower ratios, fruit mass) using glasshouse populations to provide a baseline for interpreting field experiments. To investigate differences in pollen loads carried by floral visitors, we used ANOVA. We used ANOVA to compare foraging behavior (time spent at flowers) and abundance for those floral visitors found in both naturalized, coastal populations and the range extension population at Armidale. For the ANOVAs, where necessary, some variables were log-transformed to improve normality and homoscedasticity (fruit mass was log-transformed and visitation data 1/
SQRT transformed). Data were analyzed with the statistics program
Statgraphics Plus version 3.5 ® .
| RESULTS
| Breeding system, variability in floral characters, and fruit set
Bitou Bush only formed seed with outcross pollen (Table 1) found a significant interaction between population and pollen source (intra vs inter, interaction F 3, 453 = 6.14, p = .0004), due to Arrawarra being the only population with lower fruit mass from interpopulation outcrosses (Table S2) . (Table 2 ), but their behavior was not as a potential pollinator because they only walked between the flower-heads or sheltered under the flowers and they often chased away potential pollinators.
| Floral visitors-Chrysanthemoides
Within the Diptera, Mesoclanis polana (Bitou Seedfly) was the most frequent pollinator observed across all orders and was responsible for (Table 2 ).
In the Lepidoptera, most of the visitors behaved as pollinators, except for 1 moth, Pollanisus subdulosa, which despite the high time spent at flowers did not collect pollen but consumed nectar (Table 2 ).
In the remaining orders sampled, notwithstanding the high total time of visits, they did not act as potential pollinators, often only consuming pollen or floral structures in the flower-heads (Thysanoptera spp.;
Hemiptera; other small insects), or in the case of Araneae, the flowerheads were used as a platform to seize floral visitors for prey, disrupting potential pollinators (Table 2 ).
In summary, of the 35 species of arthropods that visited flowerheads, 21 species of insect collected pollen and probed the female flowers of Bitou Bush. At the coast, the most frequent visitor was the introduced fly, Mesoclanis polana (Bitou Seedfly, 52% of visits), followed by a native hoverfly Simosyrphus grandicornis (9%) and the introduced European Honeybee Apis mellifera (6.5%).
| Pollen loads
Body swabs from the most frequent floral visitors at Hungry Head showed that all individuals carried Bitou Bush pollen (Table 3) . The introduced honeybee, Apis mellifera, carried the most pollen (Table 3) . 
| Floral visitors in a range extension, inland population
We found that 18 species of insects used the flower-heads of potted Bitou Bush plants (Table 2) in Armidale. The most frequent visitor was the native bee Homalictus sphecodoides, followed by the native hoverfly, Melangyna viridiceps (Table 2) . T A B L E 2 Floral visitors, the number of visits (N), visitation rates (number of visitors per hour), and visitation time at flower-heads (mean seconds spent at flower-heads ± 1 SE) to Chrysanthemoides monilifera ssp. rotundata in 150 hr of pooled observations from the coast (Arrawarra Headland, Woolgoolga, and Hungry Head) and in 23.5 hr of pooled observations from the artificial glasshouse population set up outside the glasshouses at UNE, the inland population at Armidale, NSW. Behavior: NPP = Not a Potential Pollinator, PP = Potential Pollinator, Pre = Predator of another floral visitor, Th = Thief, NA = undetermined. 
| Coastal naturalized population vs artificial inland population
There were six species of pollinators in common between the coast and the inland populations of Bitou Bush (Table 2, 
| DISCUSSION
The utility of pollinator knowledge for integrated weed-management strategies has been overlooked. Our work shows that for Bitou Bush (Chrysanthemoides monilifera ssp. rotundata) this has been a serious oversight. Bitou Bush is a weed of National Significance in Australia (Thorp & Lynch, 2000) . We are the first to show that the species needs pollinators to effect seed set and that native and exotic insects, including species introduced for the biocontrol of Bitou Bush, are pollen vectors in northern NSW. Our breeding system findings are in contrast to commentary that pollinators are not essential for "pollination" (i.e., seed set, Weiss et al., 2008) and our results were consistent across six populations. We also recorded that the flower-heads are protogynous, in contrast to commentary (Weiss et al., 2008) , and we found that the older flower-heads are less likely to set seed compared with younger flower-heads. We have not found any data or reports on the pollination requirements of Chrysanthemoides monilifera ssp. rotundata in its native range of the Cape Area in South Africa. Assessments in South Africa for the purposes of biocontrol options in Australia have instead had a focus on ovule predation, post-pollination events (seed production, seed predation, seed bank densities), population densities and leaf herbivory (Scott, 1996) . This has left a gap in our knowledge of the reproductive Holland & Fleming, 1999 and the Starry campion (Silene stellata) an herbaceous perennial, and a Noctuidae moth, Hadena ectypa, Kula, Castillo, Dudash, & Fenster, 2014) . Seed parasites that are also important pollinators of the same species are thus not unusual. In all of these systems, the seed parasitizing pollinators were usually responsible for more seed production than seed loss, with the average percentage of seeds lost to pollinator offspring ranging between 1% and 60% in published studies of fig/   fig-wasp , yucca/yucca-moth, senita/senita-moth and globe flower/ globe-flower-fly systems (Bronstein, 2001) . We therefore suggest that it is important when looking for biocontrol agents that parasitize seeds, that they are checked to make sure that they are not also important pollinators. Further work is required to discern the full floral preferences of Bitou Seedfly as pollen swabs from bodies showed that the species is not faithful to Bitou Bush. Determining whether Bitou
Seedfly has also crossed to native species for nursery sites would be important to determine as a possible threat to the native plant species in this coastal ecosystem type, much of which is recognized as under threat. Our work has shown that the behavior of the biocontrol agent should be assessed at all stages of a flower's lifespan.
The evaluation of an invasive plant's breeding system as an a-priori The dogma that weedy species are autonomous of pollinators may have its origins in the misinterpretation of Baker's Rule (Baker, 1967) , as recently unpacked by Pannell et al. (2015) . Deliberate introductions of a self-incompatible species alleviates mate limitations that may be inherent in species that have arrived via natural, long-distance dispersal events (Pannell et al., 2015 Bush establish in the area, it would have ready pollinators to effect fruit set. Furthermore, the stochastic plasticity in ray floret numbers and fruit production suggests that the species may be able to rapidly capitalize on new conditions with its ability to be used by widespread and common pollinators.
Mesoclanis polana (Bitou Seedfly) was introduced to NSW in 1996 to control seed production in Bitou Bush (Downey et al., 2007) with scant assessment and in disregard to models indicating that satisfactory control could only be achieved if predispersal seed predation could reduce viable seed production by >95% year round (Noble & Weiss, 1989 were estimated to be as high as AUD$4.5billion (Sinden et al., 2004 ) and the direct cost of implementing only part of the Bitou Bush and Bone seed NSW Threat Abatement Plan in [2005] [2006] was AUD$2,845,500 (DEC, 2006) . Biological control agents can be a highly successful and cost-effective means of controlling pests, as in the successful deployment of Cactoblastis cactorum for the control of the extremely destructive weed, Opuntia stricta, and other prickly pear species in eastern Australia (Raghu & Walton, 2007) . However, the assisted movement of species among continents for biocontrol can often have unforeseen consequences (Ricciardi & Simberloff, 2009; Strong, 1997) . The introduction of the cane toad (Bufo marinus) to Australia as a biocontrol agent (Easteal, 1981) is often cited as an action that has had and continues to have disastrous consequences for the Australian biota (Shine & Wiens, 2010 
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